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Incoherent p photoproduction on the deuteron is studied with the main emphasis on the role of 
final state interactions. In addition to the previously studied mechanisms of NN and pN rescat¬ 
terings, the role of an intermediate pion exchange is considered in detail, where first a pion is 
photoproduced on one nucleon and then rescatters into an p meson on the other, the spectator 
nucleon. It is found, that the role of this pion mediated contribution is comparable in size to that 
of pN rescattering. Results for total and semi-inclusive differential cross sections and associated 
polarization observables are presented. In particular polarization observables show a significant 
sensititvity to final state interactions. 

PACS numbers: 25.20.Lj, 13.60.Le, 14.20.Gk 


I. INTRODUCTION 

Photoproduction of an p meson on a deuteron was investigated quite extensively in Refs. In general, the focus 

was on the question of how much the influence of final state interactions (FSI) overshadows the information on the 
single nucleon response by studying p photoproduction on quasifree nucleons, in particular, on a neutron. It has been 
shown that the interaction effects are rather important in the near-threshold region but become less significant with 
increasing photon energy in the unpolarized total cross section. Thus at higher energies the impulse approximation 
(IA, diagram (a) of Fig. [[]), associated with the one-nucleon response, provides the dominant part of the total cross 
section. However, for the differential cross section the FSI mechanisms which involve at least two nucleons are expected 
to be of importance in the region of large momentum transfer, primarily at backward p emission angles. Indeed, in 
this region the energy A E transferred by the produced meson is essentially lower than the energy transfer associated 
with quasifree kinematics, that is A E -C (\p) 2 /2 Mn , where A p is the corresponding momentum transfer and Mjy 
the nucleon mass. This imbalance results in a suppression of the single nucleon response in the region of high A p 
values. In this situation mechanisms in which two or more nucleons can share the transferred momentum become 
increasingly important. As the dominant reaction mode in this kinematic region one can expect the rescattering of 
the final two nucleons (diagram (b) of Fig. [[]). The role of the pN rescattering (diagram (c) of Fig. [[]) was already 
considered in Refs. [2, jj, [9] and was shown to be quite important, too. 

If in addition pion degrees of freedom are considered, then p photoproduction can proceed according to the two-step 
scheme 7 N —► nN —» pN (diagram (d) of Fig. [l}, where the photoproduced pion is subsequently rescattered into an p 
meson by the spectator nucleon. To the best of our knowledge, there is no thorough investigation of this mechanism 
for this reaction. In general, it was simply ignored, since it was argued that the corresponding amplitude should 
be suppressed due to a large momentum of the intermediate pion. Namely, because the pion has a relatively small 
mass, its propagation is associated with a large intermediate momentum and, therefore, should be effective only at 
short internucleon distances. For example, the nNN channel provides only a small fraction of the pd scattering cross 
section, which is governed by the long-range structure of the pNN wave function (see Ref. !). 

Although these arguments appear reasonable, the insignificance of pion rescattering in incoherent p photoproduction 
is not obvious since, as already noted above, at higher energies are kinematic regions where the two-nucleon response 
becomes essential. Furthermore, the cross section for 7 N —> nN is much larger than that for 7 N —> i]N so that 
the above noted suppression due to a large intermediate momentum can be compensated by a high yield of pion 
photoproduction. It is therefore important to study the role of this pion exchange via a direct inclusion of the 
corresponding diagram (d) of Fig. [T| into the reaction amplitude. 
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FIG. 1: Diagrammatical representation of the amplitude for 7 d —>• r/np: (a) Impulse (spectator) approximation (IA), (b) NN 
rescattering, (c) r/N rescattering, and (d) pion exchange mechanism (nN). 


Furthermore, the influence of such a pion exchange in kaon photoproduction on a deuteron was investigated rather 
detailed in Ref. 0, where it has been shown that in some charge channels its inclusion can visibly change even the 
total cross section. Namely, in I\ + photoproduction the pion mediated process yd —> irNN —> KUN results in an 
almost 10-15 % increase of the total cross section in the maximum and thus seems to be the most important FSI 
mechanism in this reaction. 

One should note that in some of the previous studies the contribution of such pion exchange was already partially 
investigated. However, the corresponding results suffer from some quite rough approximations. For example, in 
Ref. Q, where a three-body r)NN—nNN approach was used, only the resonance S'n(1535) in the pion photoproduction 
operator was included. This can lead to a significant underestimation of the role of the pion exchange, since even in 
the region of the S'n(1535) this resonance plays a very moderate role in pion photoproduction. Furthermore, in an 
earlier paper [2j, a simple approximation with respect to the choice of energy and momentum of the initial nucleon 
in the deuteron was adopted (see the formalism in Ref. !)■ Such a treatment was partially justified since the tt 
exchange as well as 77 rescattering are indeed rather insignificant in the total cross section, to which this paper was 
devoted, so that already such a rough estimation of their role was sufficient to draw some conclusions about the 
reaction dynamics. Therefore, in view of these crude approximations for the pion exchange mechanism in previous 
studies, it appears timely to bring the theory to an appropriate quantitative level. 

In the next section we briefly describe the most important dynamical ingredients of the reaction matrix, in particular, 
those aspects concerning the pion rescattering mechanism. Sect. Hill reviews briefly the general form of the observables 
in terms of the T-matrix. In Sect. m we present our results for the unpolarized total cross section and associated 
polarization asymmetries, the semi-inclusive differential cross section and some selected corresponding polarization 
observables, which are especially sensitive to FSI effects. Some conclusions and an outlook are given in Sect. IVl 


II. THE T- MATRIX 


We consider the following reaction 

7(.E 7 , k) + d(E d ,p d ) -t r]{ui Vl q v ) + N(E 1 ,p 1 ) + N(E 2 ,P2 ), ( 1 ) 

where the four-momenta of the participating particles are given in parenthesis. As reference frame we choose the 
overall center-of-mass (c.m.) system with 2-axis along the incoming photon momentum and the £-axis along the 
direction of maximal linear photon polarization. Total and differential cross sections and associated polarization 
observables as well are determined by the T-Matrix element 

T S m s t\m d = - (_) (piP 2 sm s ,t, q\e\ ■ J ir ,(0)\pd lm d ) (2) 

between the deuteron ground state with spin projection m d on the 2-axis and the final two-nucleon state with total 
spin s = 0,1, its projection m s and total isospin t = 0,1. The index A = ±1 denotes the circular photon polarization. 

The calculation of the matrix element ED follows the standard recipe in which the spectator model (IA) is treated 
as the first basic approximation, and the interaction between the final particles is taken into account in the form of 
additional terms which are presented by the diagrams (b) through (d) in Fig. [TJ Thus the resulting amplitude is the 
sum of the four contributions 


rj~i _ rj-iIA _|_ rj-iNN _|_ rjVqN _j_ rj~i7VN 


( 3 ) 
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where the last term corresponds to the pion exchange mechanism which is the main object of the present investigation. 
The procedure, which we used to calculate the first three terms, is described in a number of papers [1, 0, 0, 9j], and 
we refer the reader to these for more details. 

The elementary rj photoproduction operator t 1Vl entering the first three terms in Eq. m is taken from the isobar 
model EtaMAID jTl]. The latter includes contributions from Born terms, vector meson exchanges in the f-channel, and 
s-channel resonances L>i 3 (1520), Sn(1535), 5n(1650), L>i 5 (1675), Fi 5 (1680), £>i 3 (1700), Pu(1710), and Pi 3 (1720). 
This model provides a reasonable description of the available data on r) photo- and electroproduction on the nucleon 
in the energy region up to a total c.m. energy W = 2 GeV, which corresponds to a lab photon energy E l ^ b = 
1650 MeV. In the energy region of the present study from threshold up to Elf b = 800 MeV, the resonance 5'u(1535) 
dominates the cross section, and the other resonances are of minor importance only. The off-mass shell behavior of 
the photoproduction operator was taken according to the energy-momentum conservation at the single-nucleon vertex 

Pin = qr,+Pi+P 2 -k, (4) 

Ein — Wri + Ei + E 2 — -E 7 , 

where (£b n ,pi ra ) denotes the four-momentum of the initial nucleon in the deuteron. In all cases, the q meson and 
both nucleons were taken on-shcll. 

The amplitude T nN in ([3]) has the form 

T* n = < 8 , m s , 1 1 t nr ,{N 2 ) G nNN t^(Ni) |lm d > - (-l) t+s (l o 2), (5) 

where t* v (Ni) and t vri (Ni), i = 1,2 denote the amplitudes for photoproduction of a pion and for nNi —> rjNi 
rescattering on a nucleon Ni, respectively. G^nn is the propagator of the three free particles n, Ni, and N 2 . For 
we took the MAID2007 amplitudes [l2’|. With respect to its isospin structure one has 

= A (0) - 2 A("), for t = 0 , ( 6 ) 

and 

= A (+) + 2A (0) , for t = 1, (7) 

with t denoting the total isospin of the two nucleons. The amplitudes Aj 0,± ) are those which appear in the isospin 
decomposition of the pion photoproduction amplitude according to 

tU N ) = A{+)s ™ + l A( ~ ] [n, r 3 ) + A^n , (8) 

with b being the isotopic index of the produced pion. 

In order to calculate r}N —> r)N and nN —> r]N scatterings we use an isobar ansatz from Ref. Q, which is driven 
exclusively by the dominant «Sn(1535) resonance, parametrized in the form 


lcn/3 (plrjN ? q, q 
where the 5 , u(1535) self energies, 


= _ g a {q)gp{q') _ 

^ 7 ]N d/o E 77 (cj rj N ) T 2^ TTTT 

T, v and E w , are given by 

1 f q 2 dq _ gl(q) _ 

27T 2 J 2 u a (q) UJ V N - E N (q ) - u a (q) + ie ’ 


a,/3 S {tt, 77 } , 


a S {tt, 77 } . 


(9) 


( 10 ) 


Here, oj v n denotes the invariant qN energy, and Ejy(q) = y 7 q 2 + M ^ and uj a (q) = y 7 *? 2 + M 2 the on-shcll energies 
of nucleon and meson a, respectively. The vertex functions g a {q) are taken in a Hulthen form 


g a {q) = 


9a 

1 + (q/Pa) 2 


( 11 ) 


with (3 a as a cut-off momentum. The two-pion channel is included in a simplified manner by adding the Sn —> ttttN 
decay width in the form 


r^TT — b7T 


W — Mpj — 2 


( 12 ) 
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FIG. 2: Left panel (a): Sn partial wave amplitude L-jv for nN scattering predicted by our parametrization of the Sii(1535) 
resonance [see Eqs. @ through (1111) ] as function of the total c.m. energy W. The amplitude is multiplied with the pion 
momentum k„. Notation: Solid curve : real part, dashed: imaginary part. Circles and triangles represent the VPI analysis 
0 - Right panel (b): Total n p —>• r/n cross section. The data are taken from the compilation in Ref. fl3| . 


with 7 ,r W = 4.3 MeV, and Mjy and m, r denoting nucleon and pion masses, respectively. The parameters Mo, g a , and 
P a were adjusted in such a way that the rjN scattering length 

a?7jv = (0.5 + 10.32) fm (13) 

is reproduced. This may be considered on one side as an approximate average of the scattering lengths given by 
modern rjN scattering analyses fl3l-fl5j , and on the other side providing a reasonably good description of the reactions 
in the channels coupled to the rjN system as is shown in Fig. [21 The fit parameters are listed in Table 1 of Ref. Q. 

In order to evaluate the NN scattering amplitude as well as the deuteron wave function we have used the separable 
representation of the Paris potential according to Ref. G3- All partial waves up to J = 2 were taken into account. 
Furthermore, in order to check the dependence of the results on the choice of the NN scattering model we carried out 
the same calculations with the CD-Bonn model jT§] as well as with two versions of the Nijmegen potential (Nijm93 
and Nijmll) from Ref. 0] and found the results to be very close to those obtained with the separable Paris potential 
of Ref. E3- The deviation is less than 10 % in the near threshold region and decreases rapidly with increasing energy. 
This confirms the results of Refs. mm that the calculation is practically insensitive to the choice of the NN 
potential. 


III. OBSERVABLES 


The general formalism for cross section and polarization observables for photoproduction of a pseudoscalar meson 
on a deuteron is presented in detail in Ref. [201] . From this work we take the general expressions for total and semi- 
inclusive differential cross sections in the c.m. system, when only the direction of the produced meson, characterized 
by fir/ = ( Q v , <p v ), is measured, 


d 2 a 

dfl v 


d 2 a 0 


dfl r 


1 + Pf Tj 0 ! sin <j) v d d{ 0 (9 d ) 


+P?{& cc^ + Pf 4 

M =-1 

1 

+pp [pf E Tim cos ^mo 


M—0 


2 

Pi E r 2M COS M^ d d MO iOd) 

M =0 

2 

sin 4o (0d) + P 2 E T 2 M cos d 2 M 0 (0d) } 

M =-2 

2 

(fid) + E! ^2M sinM^rf ^Mo(^d)| • 

M =1 


(14) 


Here Pfi and P' c 7 denote the degrees of linear and circular photon polarization, and P-f and P^ the deuteron vector and 
tensor polarization of the deuteron target with respect to an axis characterized by fid = (OdiPd)- Furthermore, we 
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have abbreviated for convenience (ft^d = ^ — <j) d and ipM = Mifi^d — 2 (f> v . The unpolarized semi-inclusive differential 
cross section and the associated asymmetries are given by 


2 ^( 0 ,) 

2 ?i( 0 „) 

TUOv) 


d 2 <Jo 

dil v 

d 2 a 0 

d 2 a 0 

dfl v 

d 2 a 0 

d^l'q 

d 2 op 

dfl v 


^oo> 

Woo^), 

-2 Jm [*£(<?„)], 

-(2 - <W /m [r' 5/1 Vim (0„)], for 0 < M < I , 
i 5jl Wj M (0„) , for - I < M < I . 


(15) 

(16) 

(17) 

(18) 
(19) 


The quantities Vj M and Wim are hermitean quadratic forms in the T-matrix elements integrated over the p momentum 
qv, and the angle Q p of the relative momentum p = ( p , of the final two-nucleons according to 


11 I 
,m' H -m d M 


W IM (0 V ) = -d= j dq v d fl p c kin ^ (-) 1 “ mrf ( 

V rn d m' d 

^ tsmstlm^idri, @ 1 ], dp, 4>pri) tsm B t-lm d {qp, d, j, 9 p , <j)pr/) 

sm s t 

V im(0v) = 77 | J dq v dn p c kin 53 (-) 1 md _ TOd m) 

m d m’ d v 7 

^ ' ^smstlm'Jdlp, dr], d p , <f> P r)) t S m, 3 tlm d (qri, 9^, 9 p , 0p^) , 


with (j) pri = <f> p — (j> v . Here the small t-matrix elements are defined by 

f p -i(*+m d -m a )(f> v rp 

L sm s t\m < i — c -*■ sm s t\md 

and Cfcm denotes a kinematic factor 


1 E d M%pq 2 
Cfcin - 4£ ^ WnjvWii 


( 20 ) 


( 21 ) 


( 22 ) 


(23) 


where the total energy in the yd c.m. system and the invariant energy of the final two-nucleon subsystem are denoted 
by W and lonn, respectively. 

The total cross section with inclusion of photon and target polarization effects is obtained by integrating d 2 <j/dVl ri 
over the meson spherical angle fl v and reads 


V(P?,PZ,P?,P$) = <70 


1 + P 2 tI 0 i (3 cos 2 9 d -l ) + P2 p? Tl 0 cos d d 


+PJ P“ T 22 cos(2 <t> d ) 2- sin 2 9 d 


(24) 


where the unpolarized total cross section and the corresponding asymmetries are given by 

d 2 o 0 


(Jo = / dQ ri 


(70 T 


IM 


= / c£f 2 ? 


d^l v 

d 2 cro 

d^ift 


T t 


IM 5 


(25) 

(26) 


with a £ {0, £, c}. 
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IV. RESULTS AND DISCUSSION 
A. Total cross section 

We start the discussion with the total unpolarized cross section and the associated asymmetries for polarized beam 
and target. The theoretical results for the different approximations together with available experimental data are 
presented in the left panel of Fig. [3] whereas the right panel shows the ratios with respect to the complete calculation. 

In the near-threshold region the interaction effects are very important as one can clearly see in the panel (b). 
The resulting enhancement is about a factor 5 at the photon energy 640 MeV. As was earlier noted in Refs. [E, 9j], 
the reason of such a strong influence of FSI is twofold. Firstly, the interaction between the final particles allows to 
balance the strong mismatch between the momentum needed for 77 production on a nucleon in the deuteron and the 
characteristic internal nucleon momentum within the deuteron. We recall that in the impulse approximation the 77 
meson is produced only through the high momentum components of the target wave function, which appears in the 
deuteron with a small probability. Thus, this momentum mismatch is balanced mainly by the two-body NN and to 
a lesser extent by the r]N FSI, producing a very large enhancement of the 77 production rate. The second reason is 
an appreciable attraction in the NN as well as in the rjN system which leads to an additional enhancement of the 
resulting cross section. 



E y [MeV] E y [MeV] 


FIG. 3: (Color online) Left panel (a): Unpolarized total cross section 00 for yd —>■ r/np. The dotted (magenta), long-dashed 
(green) and short-dashed (blue) curves correspond to the impulse approximation (IA) and successive inclusion of NN and r/N 
rescatterings, respectively. The solid curve (Total, red) includes also the pion exchange mechanism. Experimental data from 
Ref. !!]. Right panel (b): Ratios of the various approximations with respect to the “Total” one. 


As for the pion exchange mechanism (diagram (d) of Fig.(T|). it plays at lower energies only a minor role. Its inclusion 
leads to a decrease of the cross section of about 3 % at E l ® b = 650 MeV. As already noted in the Introduction, 
this rather modest role of the pion exchange is expected as a consequence of the large characteristic momentum 
of the intermediate pion. Namely, if we assume that the largest contributions come from states where the pion is 
approximately on-sliell, than its momentum is about 400 MeV/c. The corresponding mechanism is effective only at 
small internucleon distances, about 0.5 fm, which are not essential for the incoherent channel. At the same time, 
as will be discussed in the next subsection, these mechanisms should be rather effective in the region of backward 77 
emission angles 9 V where large momentum transfers naturally emphasize small internucleon distances. 

As one readily notes in the right panel of Fig. O even after inclusion of all FSI effects our calculation systematically 
underestimates the data in the region E l ® b < 720 MeV. This question was discussed in quite some detail in Ref. @. 
In this work the reaction yd —> rjnp was calculated within a three-body model, and it has been shown that the 
perturbative approach, in which pNN interaction is reduced to pairwise NN and pN rescatterings, is unable to 
provide an accurate description of the reaction dynamics at low energy. The main reason for this fact is a relatively 
strong attraction which generates virtual poles in the s-wave 77 NN states J n = 1~, T = 0 and = 0~, T = 1 ||. 
Obviously, the corresponding singularities in the rjNN scattering amplitude cannot be generated by a truncated 
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FIG. 4: (Color online) Polarization asymmetries of the total cross section for 7 d —¥ rynp-. (a) 00 T 20 , (b) cr 0 Ti 0 , and (c) aoT^- 
Notation as in Fig. [3] 


perturbation expansion. According to the results of Refs. , the inclusion of ’’three-body” effects leads to a visible 
improvement of the theory and brings the calculation into a better agreement with the data. Nevertheless, even in 
this case the theoretical total cross section still underestimates the data of Ref. [lj slightly. 

At higher energies the effect of pion exchange becomes comparable in size to that coming from rjN rescattering. 
Despite the already mentioned rather large characteristic momentum of the intermediate pion, which reduces its 
contribution near threshold, the relatively large value of the pion photoproduction cross section at these higher 
energies appears to compensate this effect and makes the pion exchange more important although still quite small in 
the unpolarized total cross section. 

_ c _0 _ l 

Fig.0]shows the influence of the FSI effects on the integrated polarization observables cr 0 T 10 , ctoT 20 , and cr 0 T 22 . As 
mentioned above, these are the only polarization observables contributing to the total cross section. The largest one is 
<JqT 10 for circular photon polarization and a vector polarized deuteron target shown in panel (b) of Fig. [4]. However, 
the influence of FSI on aoT 10 is rather weak and comparable in size to that noted for the total cross sections. This 
observable determines the contribution of eta photoproduction to the Gerasimov-Drell-Hearn sum rule (GDH) [2ll ]. 

For the other two observables in panels (a) and (c) of Fig. [4] the FSI influence is much more notable. For <JqT 20 
(panel (a) of Fig. [I]) for unpolarized photons and a tensor polarized target the contributions from r)N rescattering and 

—1 

pion exchange appear to compensate each other, leaving NN rescattering as the main effect. Finally, <JqT 22 needing 
linearly polarized photons and again a tensor polarized target, NN rescattering is dominant at low energies but dies 
out rapidly with increasing energy whereas the pion exchange contribution shows just the opposite behavior becoming 
dominant at higher energies. The contribution from r)N rescattering remains moderate in the whole energy range. 
Thus, these latter two observables would provide an interesting test for the study of the various FSI effects. 


B. Semi-inclusive differential cross section 

As next we will consider the semi-inclusive differential cross section of Eq. m, for which only the direction of the 
produced 77 meson is detected. In Fig. [5] the angular distributions predicted by our calculation are plotted for three 
energies together with the experimental data of Krusche et al. [1]. As expected the FSI effects are most notable in 
the region of backward angles, where the momentum transfer is maximal and, as a result, the two-nucleon response 
becomes important. To show the relative size of the different FSI mechanisms we plot in the lower panels of Fig. [5] 
the ratios of the various approximations with respect to the complete calculation, labelled “Total”. One readily 
notes that at backward angles 9 V the inclusion of FSI effects leads to a sizable increase over the IA cross section. 
For energies E 7 > 720 MeV and at backward angles, i.e. in the region cosd n < —0.5, the effect of pion exchange 
becomes comparable in size to r\N rescatterings, but acting in the opposite direction. On the other hand, the angular 
distributions clearly show that the r\ meson is produced mostly at forward direction, where the influence of all FSI 
mechanisms remains small and thus the IA works quite well (except in the region below 720 MeV). 

In Figs. ED and [7] we present for two energies a few polarization observables of the differential cross section in Eq. m , 
which are in general more sensitive to dynamical details of the reaction. We have chosen those asymmetries which 











FIG. 5: (Color online) Semi-inclusive unpolarized differential cross section for 7 d — > r/np at the energies El^ b = 685 MeV (a), 
720 MeV (b) and 775 MeV (c). The data are from Ref. [l|. The lower panels show the corresponding ratios of the cross sections 
with respect to the complete calculation “Total”. Notation as in Fig. [3] 


have relatively large values in the energy region, considered. 

Fig. [G] exhibit E, the asymmetry for linearly polarized photons and an unpolarized target, for unpolarized 
radiation and a vector polarized deuteron target, and T£ 0 , the asymmetry for circular photon polarization and again 
a vector polarized target. The latter asymmetry determines the GDH sum rule, mentioned above. The linear photon 
asymmetry E is very little affected by FSI already at the lower energy of 685 MeV (panel (a)) and even less at 775 MeV 
(panel (d)). The other two observables in Fig. IB] are more sensitive to FSI, at least for the lower energy. For 7) 0 , the 
influence of NN rescattering at 685 MeV (panel (b)) is quite small in contrast to a significant decrease of the IA by 
r)N rescattering. This decrease is more than counterbalanced by the pion exchange having the largest contribution 
and which leads to a significant overall increase compared to the IA. At the higher energy this sensitivity is lost (panel 
(e)). Turning to Tf 0 in panel (c) one readily notes that for this lower energy NN rescattering is dominant at small 
angles, where the other effects are negligible, leading to an overall negative increase. At larger angles i^N rescattering 
becomes the dominant effect yielding a further sizeable negative increase at 180°. Pion exchange is small and acts 
opposite to r/N rescattering. At the higher energy all interaction effects become considerably smaller (see panel (f)). 
Pion exchange becomes comparable to rjN rescattering but almost cancels the latter, so that the overall FSI influence 
is very small. 

The polarization observables shown in Fig. [7] for a tensor polarized deuteron target exhibit a stronger sensitivity to 
interaction effects, in particular for the lower energy (panels (a) through (c)). For the two observables T 20 and T| 2 
in panels (a) and (b) NN rescattering is again dominant at forward angles with all other contributions negligible. 
However, at backward angles both r]N rescattering and pion exchange become quite sizeable, but cancelling each 
other partially. This cancellation is complete for T 21 in panel (c), leaving as net effect NN rescattering. At the 
higher energy of 775 MeV the overall influence of FSI diminishes substantially for T® 0 in panel (d), while they remain 
stronger for T 22 and T 21 (panels (e) and (f)). In particular r]N rescattering appears quite strong for backward angles 
in both observables. But also pion exchange is sizeable. 

In general, these polarization observables exhibit quite an interesting sensitivity to interaction effects, in many 
cases quite stronger than for the unpolarized angular distribution and thus offer an interesting possibility to study 
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FIG. 6 : (Color online) Polarization observables T[\. and Tf 0 of the semi-inclusive differential cross section for 7 d —> iynp at 
E^ = 685 (panels (a) through (c)) and 775 MeV (panels (d) through (f)). Notation as in Fig. [3] 


this reaction in much greater detail. 


V. CONCLUSION 

In the present work we have considered incoherent photoproduction of 77 mesons on the deuteron in the energy 
region from threshold up to E l ^ b = 800 MeV, with inclusion of the most important FSI mechanisms, NN and r]N 
rescattering, as well as the pion exchange contribution (nN). Our main purpose was to determine the role of the 
pion exchange without resorting to the approximations used in previous work. In general, as has also been shown by 
previous studies, the role of FSI in this reaction is rather unimportant for the total unpolarized cross section, except 
in the region just above threshold (E l ^ b < 720 MeV). But this conclusion is not valid for the associated tensor target 

—0 — 1 

asymmetries, where FSI effects become significant, i.e. for T 20 and T 22 , the latter for linearly polarized photons. 

Furthermore, sizeable FSI effects become significantly visible also at higher energies in the differential cross section 
in those kinematical regions, where the spectator-nucleon mechanism is suppressed, for example for backward eta 
emission angles in the semi-inclusive differential cross section. 

We also considered the role of FSI effects on different polarization observables. As our calculation shows, some of 
these observables, in particular 7j c 0 . T 20 , and T 22 appear to be relatively large in the energy region considered in this 
work and, at the same time, are rather sensitive to FSI effects. 

As a general conclusion, we would like to stress the fact that in the region E l ^ b > 720 MeV the pion exchange 
mechanism appears to be of the same size as NN and r/N rescattering and should be taken into account using a 
reliable model. Furthermore, it remains to be seen in the futur whether the inclusion of pion degrees of freedom 
within a more realistic three-body approach than in Ref. !§j] , improves the agreement between theory and experiment 
in the near-threshold region. 
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